Acoustic Black Holes are innovative solutions to damp vibrations through the use of power-law profiles in flexural beams and plates. However practical implementations of the concept are limited due to the finiteness of the thickness at the end of the beam. In this paper, it is proposed to add a viscoelastic layer on the ABH and control its mechanical properties by varying the temperature of the material in order to obtain an ABH with tunable properties. A design methodology of the damping layer is proposed, based on the computation of the reflection coefficient of the ABH termination, hence independent from the excitation and the boundary conditions of the host structure. This optimization is performed at a temperature close to the glass transition of the viscoelastic material in order to find the configuration providing the highest dissipation. Then, by controlling the temperature of the patch it is easy to tune the behavior of the ABH according to the practical application which is considered.
, which is obtained by tailoring the structure boundaries using power-law profiles. A perfect thickness profile would decrease the wave velocity asymptot- 5 ically to zero, meaning that the edge is never reached hence the wave is not reflected. This theoretical behaviour is however difficult to obtain because of manufacturing constraints which impose a non-zero thickness at the border, inducing some reflections of flexural waves. Using a damping layer [4] may be a solution to damp the waves in the black hole, even if this is not mandatory since 10 local imperfections at the edge may induce dissipation through nonlinear effects [5] .
The applicability of the concept has been demonstrated by several authors [6, 7, 8] , mostly for metallic structures, but also for glass fibre composite plates [9] . New designs have been proposed recently, like spiral arrangements of the 15 ABH to minimize the size of the device [10] , or novel dampers tailored with ABH features [11] . The emergence of these upgraded ABH-based devices probably motivated some groups to imagine other applications than structural damping.
Hence, new applications of the ABH concept have emerged: among others, energy harvesting [12] and wave energy focalization [13] are good examples of 20 concepts that can take advantage of the unusual mechanical properties of ABH.
Up to now, to the author's knowledge, real-time tunables ABH have not been proposed in open literature. The work presented here is devoted to the analysis of beams embedding an ABH whose damping properties can be tuned in real time. The concept is based on temperature control of the viscoelastic properties 25 of a damping layer [14] . This adaptive concept is different from active devices [15, 16] in the sense that the time scale required in the temperature regulation is much smaller than the one of the phenomena to be controlled. It may however be qualified as semi-active [17, 18] since some energy is required to heat the damping layer according to the objectives. The aim of the heat control is to 30 tune the mechanical properties of the viscoelastic material: it is well known for years that their stiffness and damping properties are strongly dependent on frequency and temperature [19, 20, 21] . Many works hence focused on the effect of the temperature on the structural damping performances [22, 23, 24] or on the optimization of the viscoelastic properties for a given ambient temperature [25] .
Here, the concept of temperature control is considered. It has been introduced recently [14] and will be applied here to tune the mechanical properties of the embeded viscoelastic layer in the ABH-based structure. This concept has been recently successfully applied to metamaterials [26] for tuning the stiffness of a periodic structure, here the objective is rather focused on the tuning of the 40 damping properties that directly impact the performances of the ABH.
The paper is organized as follows. Section 2 introduces the structure of interest, namely a beam embedding an ABH combined with a damping layer.
Section 3 presents the concept of temperature control of the mechanical properties of the viscoelastic material and its application to the structure. Section 4 45 presents the optimization strategy which has been developed in order to define the optimal configuration for given performances. Section 5 finally illustrates the applicability of the concept through experimental validations, and conclusions are drawn.
ABH combined with damping layer
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The Acoustic Black Hole which is considered in this paper is located at the end of a host beam. The host beam is made of aluminum (Young's modulus E = 70000 MPa, density ρ = 2700 kg/m 3 , loss factor η = 0.002), its thickness is h 0 = 5 mm and its width is 2 cm. The damping effect is increased by a viscoelastic layer which is glued on the ABH. Figure 1 illustrates the beam and 55 its termination. The numerical values of the host beam parameters are provided in Table 1 . The properties of the viscoelastic layer (including h v and L v ) will be discussed all along this paper.
As stated in [4] , the effect of the damping layer located at the end of the ABH helps to reduce the reflections due to the finite thickness of the termination. This According to the experimental configuration that will be discussed later, the 65 beam is considered as free-free, a harmonic force F is applied along y direction at a point located at 1 cm from the non-ABH termination of the beam (ie figure 3 ). The transverse velocity v is computed at the input force location. The amplitude of the mobility v/F is shown in figure 3 .
In this first analysis and for illustration purpose, the damping layer is con- As expected, the damping layer plays a major role in the efficiency of the ABH since it helps to dissipate the energy which is reflected on the non-zero 
where k is the flexural wave number and A, B, C, D are constants that depend on the boundary conditions, the reflection coefficient is expressed as
since the ABH starts at x = 0. It represents the amplitude of the propagative waves that are reflected on the ABH, which can be interpreted as a complex, frequency-dependent boundary condition for the host beam. It only depends 85 on the ABH characteristics. In this paper, it is computed from the technique proposed in [27] , consisting in measuring the transverse displacement w(x i ) at n locations x i along the beam (i = 1, ..., n ≥ 2), computing the wave number from the analytical formula and using pseudo-inverse to estimate A and B coefficients from the matrix system
... layer dissipates the associated energy.
Temperature control of damping in viscoelastic layer
The objective of this section is to show that the ABH effect can be tuned with 115 a temperature control of a viscoelastic layer. The material is a tBA/PEGDMA polymer (named SMP in the following since it is a Shape Memory Polymer) whose behavior can be efficiently described by the model provided in [14] . The model is representative of the set of experiments presented in [28] . This viscoelastic material has strongly dependent mechanical properties, in particular 120 the loss factor can be as high as 2.4 at the glass transition, occurring around 70
• C. Using arbitrary length and thickness, the effect of the temperature control on the reflection coefficient of the ABH equipped with the SMP is illustrated in figure 5 .
At ambiant temperature, the loss factor of the material is very low and the 
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Optimal design of the damping layer
Designing a damping layer always consists in finding a compromise between damping and stiffness, this is particularly true for the considered case since the added layer will increase the stiffness of the ABH section and hence it is expected that it will affect its performances. The added value provided by the the added stiffness.
In order to find the optimal design for the damping layer, a parametric model-based study has been performed. As illustrated above, the damping capability of the SMP is the most efficient for a temperature close to the glass 145 transition which occurs between 60
• and 70
During this optimization procedure, the temperature was fixed to 70
• C and two geometrical parameters were considered, namely thickness (h v ) and width of the SMP layer (L v ). Thickness is considered in the range 0.3 mm to 3 mm.
The width is considered relatively to the ABH length and varies from 0.25 to To improve this, a global approach considering the mean value of the amplitude of the reflection coefficient over the frequency range of interest was used.
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Using this feature a non-damped system gives a feature value near 1 and the objective of the optimization procedure consists in minimizing this feature. Results are consistent between the two approaches but the second one is easier to deal with since first, the post-processing of the mobility curve is not required, and second, a single numerical feature is required while the first approach re- to perform a full factorial design of experiment with large number of levels and plot the corresponding indicator as a response surface. Figure 6 shows the two response surfaces corresponding to the two frequency ranges.
As seen in the figures, the optimal configuration is not exactly the same for the two frequency ranges: the thickness is 3 mm for both cases, while the 
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• C band effects that can be chosen according to the application of interest.
Experimental validation
This section is dedicated to the experimental validation of the concepts presented above. The ABH beam has been provided by LAUM-Le Mans University, while the damping layer has been elaborated in FEMTO-ST-University Bour-
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gogne Franche-Comté, according to the optimal configuration . A picture of the termination is shown in figure 10 .
The experimental setup is shown in figure 11 . The beam is suspended with thin wires inside a thermal chamber to approximate free-free boundary conditions. The excitation force is generated by a contactless actuator, consisting in 215 a fixed coil accompanied with a magnet glued on the beam. An impedance head is used to measure the mobility and to check the coherence with the accelerom- The figure 12 shows the reflection coefficients identified from the measurements for the same set of temperatures as the one used for the simulations.
The experimental data are a little bit noisy, this is mostly due to non-perfect 225 alignment of point force and accelerometers on the median line of the beam, hence parasitic movements like torsion or in-plane bending may occur. Also, the accelerometers (B&K miniature accelerometers were used) may generate evanescent components in the displacement field which are not considered in the evaluation of the reflection coefficient. The noise could probably be reduced 230 by using a scanning laser vibrometer to be able to measure a large set of points without perturbation on the beam. Nevertheless, the trends observed in figure   9 are perfectly reproduced in the experiment. 
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• C (num) The mean values of these experimental reflection coefficients can be computed and compared to the numerical ones. This is done in figure 15 . Again, 
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Conclusion
In this paper, it has been shown that it was possible to control the damping in order to improve the acoustic black hole effect. This is achieved through the use of a viscoelastic layer whose properties are tuned by temperature con- 
SMP T=30
• C Figure 16 : Experimental results -amplitude of mobility on the host beam with ABH for the optimal configuration at various temperatures the host structure. Then, by controlling the temperature of the patch it is easy to tune the behavior of the ABH according to the practical application which is considered. In this work, the tBA/PEGDMA -a Shape Memory Polymerhas been used, however the methodology may be applied with any viscoelastic material exhibiting a strong depedency on temperature. In order to illustrate 285 this, figure 17 shows the experimental measurements performed with another material, which is available off-the-shelf (3M VHB). This material is more efficient than the SMP at ambiant temperature for the damping, and a little less efficient at high temperature. Hence it could constitute an interesting alternative for applications where either the damping does not have to be tuned (in 
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